Implementing the ideas of Bennett et al. [Phys. Rev. Lett. 70, 1895 (1993 [6] .More recently, Bennett et al. [1] have shown that an entangled pair of spinparticles could be used, with the addition of information transmitted through a classical channel, to teleport an unknown quantum state from one observer to another. Teleportation, according to their scheme, would involve measurements made by one of the observers on four possible independent entangled states, consisting of the particle to be replicated and one of the spins of the correlated pair. Information on these measurements, transmitted through classical channels to the other observer, would allow him to reconstruct the original state on the second spin of the correlated pair, even though the original state remains necessarily unknown to the first observer, since he disposes of only one particle.
Quantum nonlocality is one of the most striking predictions of modern physics [2, 3] . 7wo quantum-correlated systems cannot be considered to be independent even if they are far apart. Local hidden variable theories lead to results concerning correlation measurements in contradiction with the quantum-mechanical predictions [3] verified in several experiments [4] .
Possible implications of quantum nonlocality have ranged from cryptography [5] to computers [6] .More recently, Bennett et al. [1] have shown that an entangled pair of spinparticles could be used, with the addition of information transmitted through a classical channel, to teleport an unknown quantum state from one observer to another. Teleportation, according to their scheme, would involve measurements made by one of the observers on four possible independent entangled states, consisting of the particle to be replicated and one of the spins of the correlated pair. Information on these measurements, transmitted through classical channels to the other observer, would allow him to reconstruct the original state on the second spin of the correlated pair, even though the original state remains necessarily unknown to the first observer, since he disposes of only one particle.
Cavity quantum electrodynamics provides new methods to build and measure nonclassical coherent superpositions of *Permanent address: Departamento de Fisica, PUC, Caixa Postal 38071, 22452-970 Rio de Janeiro, Brazil.
states of the electromagnetic field [8] . It is in particular possible to prepare nonlocal field states simultaneously occupying two cavities [9, 10] . We show here that such nonlocal fields can be used to build a "teleportation machine": an atom, sent across the first cavity, has its quantum state replicated on another atom sent across the second cavity. As opposed to previous discussions of this question, we describe in a concrete way the sequence of measurements necessary to teleport the state. We also estimate the efficiency of detection necessary for teleporting a state with a certain precision. Our discussion makes clear the fact that the proposed scheme constitutes a new generation of high-order atomic correlation experiments. Bell's inequalities, as well as the experiments discussed in [9] , refer to measurements on correlated pairs of particles, Teleportation involves on the other hand at least three-atom correlations (the scheme proposed in this paper involves actually a four-atom correlation).
A sketch of the teleportation experiment is displayed in Fig. 1 3? This important point was not addressed in [1] and only partially solved in [12] . (ii) How to replicate on an atom b the information contained in the C2 field state?
Let us start with the first question, which requires a twostep approach and involves appropriate atomic manipulations in zones R & and R2. These zones are first set so that a undergoes m/2 pulses in each of them. Furthermore, a is tuned to have a dispersive interaction with the field in C&. This setup is equivalent to a recently demonstrated Ramsey atomic interferometer [11] .For a given setting of the microwave in R & and R2, the probability for an atom to undergo an e~g transition exhibits fringes versus the photon number in C]. Changing this photon number does indeed shift the atomic transition frequency (light shift effect), which translates into a periodic change of the e~g transition probability induced in the two separated oscillatory field zones R& and R2. By choosing properly the detuning between a and C&, the phase of the fringes can be shifted by m when the photon number varies by one unit. Moreover, the Ramsey interferometer can be adjusted so that the e~g transfer probability is one when C, is empty (and thus zero when Ct contains one photon). Since the atom-field interaction is dispersive, the photon number in the cavity always remains unchanged.
When a crosses the interferometer, the "a+C&" system thus
where we have introduced Bell's basis [13] 
Suppose we reconstruct the state of particle b at random, without having received any information from the first cavity. This corresponds to p~e qual to half the unit matrix and I=1/2. Suppose now that the detection efficiency is unity, but that only the first bit of information is used to reconstruct the state (atom a' is not detected). In this case, only the 4'/4' character of the Bell state is determined, and it is easy to see from Eqs. (2) and (6) that the probabilities of finding the atom in levels e and g are well reproduced, but the phases of the corresponding amplitudes are not. We should thus set pb "=cos (8,/2) and pb~~=sin (8,/2) in Eq. (7), with a random phase for pb, z. We get then I= (1/2)(1+cos 8,). For 8, =0, this is equal to 1, as one should expect, since then no atomic coherence is initially present. On the other hand, for 8, = m/2 we have I=1/2, equivalent therefore to complete absence of information (the original populations are then equal, and therefore transmitting just the atomic population information is equivalent to having a complete statistical mixture). The average fidelity coefficient I when only population information is transferred is equal to 2/3. Finally, let us consider the case in which there is no quantum coherence between the two cavities. This would correspond to having a classical alternative for the location of the single photon: if it is not found in one of the cavities, one can information channel ("wire" in Fig. 1 ). The teleportation scheme is thus completed, in a realistic way, on atoms crossing the two cavities separately.
We have assumed so far perfect atomic detection efficiency, which is certainly not achieved in a real experiment. Inefficient detection will affect the average success of the teleportation scheme. In order to measure the fidelity of the teleportation process, a stream of atoms a could be prepared in a well defined state by P, , and the state of a beam of atoms b could then be analyzed, with the help of the microwave zone P& followed by the detector D&. Each measurement would imply the sampling of a large number of detection events (which would involve preparing repetitively the correlated two-cavity system and the measurements of atoms a, a', and b on a large ensemble of particles, with at least two different settings of zone Pb). If the detection efficiency is not unity, the result of these measurements will yield a two-by-two density matrix p& which describes the state of atom b, statistically averaged over all kinds of partially inefficient atomic detections. One could then compare the replica with the initial state by defining a teleportation fidelity coefficient for a given state P, as the matrix element I=(p, l pbI p, ). One can also define an "average" fidelity I by averaging I over all possible states P, .
For perfect teleportation, we should have I = (2) , is equivalent to transferring no information at all about the relative phase of c, and cg, thus yielding the value 2/3 for I. This means that, under this condition, the second bit of information (that is, the measurement of atom a') becomes superfluous.
The above discussion makes it clear that I=2/3 corresponds to the fidelity of "classical teleportation" [7] .In order to test quantum mechanical nonlocality, one needs therefore to have 1)2/3. We examine in the following the requirements on detection efficiency imposed by this constraint.
The triggering atom c must be the first one to cross the initially empty C& and C2 cavities. If D, fails to detect it, the experiment is triggered by a subsequent atom and fields having more than one photon are generated, which reduces the quantum correlation between the two cavities required for teleportation. In the worst possible case, I is then reduced to 
